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ABSTRACT 
 
 
 
 
Power system protection is the most important requirement in the industrial or 
domestic electrical to prevent equipment from damage cause by leakage current. The 
RCD is an important equipment to install at each of house, hospital, factory, or every 
place that need the power supply. The device monitors input current from power line 
by using current sensor and send the signals to the mechanical switch to trip the 
circuit breaker. Industrial operation requires protection of their equipment from the 
lightning short circuit and also over-current, thus the RCD will serve the purpose as 
the protection of their system .This researchwill attempt to improve the exciting RCD 
design using PIC microcontroller to automatically switch it back to normal when the 
RCD tripped in home during instantaneous over current or short circuit. This system 
provides a convenient way for house’s owner especially during absences in home. In 
this research PIC 16F877A microcontroller is used to control overall flow operation 
and operate the relay, thus replacing the current mechanical switch. The outcome of 
this research after several testing process shown that the average sensitivity valuefor 
RCD against leakage current is 76mA better 24% than 100mA set by manufacture. 
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ABSTRAK 
 
 
 
 
Perlindungan sistem kuasa adalah keperluan yang paling penting di dalam indusrtri 
atau pun sambungan domestic elektrikal bagi mengelakan kerosakan peralatan 
disebabkan oleh arus bocor. RCD adalah salah satu peralatan penting yang di pasang 
di setiap rumah, hospital, kilang atau pun tempat yang memerlukan bekalan kuasa. 
Peralatan ini bertindak sebagai pemerhati arus masukan dari talian kuasa oleh 
pengesan arus dan kemudianya ia menghantar isyarat tersebut ke suis mekanikal 
untuk terpelantikkan pemutus litar. Operasi industry memerlukan perlindungan 
mesin mereka daripada kilat, litar pintas dan juga lebihan arus, maka RCD ini akan 
di gunakan bagi perlindungan kepada sistem mereka. Projek ini adalah bertujuan 
untuk menambahbaikan rekabentuk RCD yang sedia ada menggunakan PIC 
pengawalmikro untuk menyambung kemba lilitar RCD yang telah terpelantik kepada 
keadaan asal apabila berlakunya litar pintas dan lebihan arus. Sistem ini memberikan 
manfaat kepada pemilik rumah apabila tiada di rumah. Didalam projek ini 
PIC16F877A pengawal di gunakan untuk mengawal keseluruhan sistem 
pengoperasian dan Geganti yang manatelah di tukarkan kepada suis mekanikal asal. 
Hasil di akhir projek ini, setelah beberapa kali di uji didapati kepekaan RCD 
terhadap arus bocor adalah 76mA di mana 24% lebih baik daripada 100mA telah 
ditetapkan oleh pembuat. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1  Project background 
 
 
In Malaysia, from years 2005 until 2011, there are 405 accidents due electrical fault 
event, and 191 people are died due to the accidents [1]. Therefore, instead of giving 
awareness on electrical safety and hazard to the public, a proper protection device 
also need to be considered as part of safety. Although single phase system has its 
own safety protection (i.e. earth conductor), but this is not hundred percent reliable 
all the time [2]. Figure 1.1 show short circuits occur inside the resident electrical 
wiring and it cause permanent fault. 
 
 
 
 
 
 
 
 
 
Figure 1.1: Short circuit 
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 Every year, many people are injured in electrical accidents at home. Not 
everyone knows that many of these injuries could be prevent by having Residual 
Current Devices (RCD) protection installed in the house’s consumer unit. RCD 
protection can save lives by protecting ours live and ours family from fatal electric 
shocks, and can also provide some protection against fire. RCDs switch off the 
electricity in a friction of a second if you get an electrical shock. Having a modern 
consumer unit fitted with RCDs give us the best protection because they usually 
cover all the wiring, sockets and appliances at home [3]. 
 This project is focused on the design and build of Automatic Residual 
Current Devices using PIC 16F877A where the system can auto switch the RCCB. 
Nowadays RCD is manually controller by mechanical switch and have a limited 
function which are cannot distinguished and notify either permanent or temporary 
fault accorded. The problem come when there is no resident at house whenever the 
fault or tripping occurred. The electrical equipment power is disconnected because 
some trouble for the resident [3]. Power reliability and continuity is very important 
and critical to a domestic building. There are electrical equipment and appliances 
which need to be continuously turned ON even when the occupants leave the 
building for a period of time such as security system, refrigerator and aquarium 
ventilation system [3]. When the system in the resident is disconnected  cause some 
trouble for the owner to manage the equipment. By using the auto reclose RCD the 
system urgently back to normal whenever the fault and the tripping occurred and also 
would rescue or save life of the equipment, especially the electronic good for 
example refrigerator, television and laptop in the critical condition [3]. This may 
seem unimportant, but if this problem solved it can save equipment life also give 
easier to user. The new ARCD function does not limited the auto switching, but it 
also can differentiate and display the type of fault so that the user is aware the 
situation[3].  
 There are two types of fault normally detected by RCD, which are permanent 
fault and temporary fault. Permanents fault is type of fault that occurred because of 
short-circuits between both life wire and neutral wire or ground wire, meanwhile 
temporary fault is type of fault that occurred from the effect of surge current from the 
lightning. The basic concept of the RCD is if there are fault occurred, ZCT  sense the 
fault and send the signal to the RCD to cut the power to the load (tripped) [3]. 

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 The system has three conditions where normal, check and fault condition. 
Normal condition is no fault, check condition is system try to check either temporary 
or permanent fault and fault condition is permanent fault it need user fixed the 
problem before manually switch ON the RCCB. 
 
 
1.2  Problem statement 
 
 
 Residual current devices are one type of electrical equipment that used as a 
protection device. The main purpose of this type of equipment is to cut off the power 
when the problem occurred. The main problem is, if the error occurred and there is 
no human that can switch on back the device due to many reasons [3]. 
 The device used is mechanical switch that must be activated manually, after 
RCD is being tripped it stay off until the user push it back to the ON condition 
although the problem that occurred is temporary fault and occurred in one 
millisecond. So, it not works as automatic device that can operate automatically [3]. 
 Normal circuit breaker requires someone to push the reset button after 
tripping occurs. When tripping occurs and there is no one at home, it affects electric 
and electronic devices that require continuous electric supply. For example, if 
security system can’t function properly due to temporary short circuit, consumers 
pay a lot of money to build security system for ensure their home safe from any 
accident or problem. The system breakdown if electrical fault occur either temporary 
or permanent fault. If temporary fault cause the breakdown, this problem should 
solve by use Automatic RCD. The fire, anti thief and civilian’s camera system can 
operate as usually if power continuity devices apply in domestic electrical wiring 
system. 
 Another situation is frozen food shop where they totally depend to freezer in 
order to store their goods. When tripping occur, temperature in deep freezer  be arise 
and if the reset button didn’t push back in short period time, this goods  be thaw and 
become bad[4]. This matter give losses to the shop, in order to prevent this problem a 
suitable mechanism should be develop and design such that it can pull back or reset 
back the RCD by implementing an appropriate force and timing [4]. 
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1.3  Objective 
 
 
For this project, there have three objectives for ensure that this project can give 
benefit to users. The objectives of this project are: 
i. To investigate the characterization of an Automatic Residual Current Devices 
with automatically trigger during permanents and temporary fault. 
ii. To develop the Automatic Residual Current Devices controlled by 
microcontroller during permanent or temporary fault due to surge current. 
iii. To validate effectiveness of Automatic Residual Current Devices compare to old 
Residual Current Devices during permanent or temporary fault. 
 
 
1.4  Scope of project 
 
 
Three scopes are outlined to ensure that this project was always on the right track. 
The scope for this project is: 
i. The circuit used microcontroller is programmed using C language to control relay 
driver for turn ON the Automatic residual current devices during permanent fault 
or temporary fault. 
ii. The range for voltage that cover for this project is limited only 220 to 240V that  
be coming from suppliers for residential. 
iii. This project focused on 40A current sensor sensitivity in RCD against leakage 
current at normal condition, permanent fault, and temporary fault. 
 
 
1.5 Report outline 
 
 
Chapter I explains about the early process before begin the project. It includes the 
project background, research objectives, scope of project and thesis outline. Project 
background is about RCD and the problem related to it. Research objectives are the 

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target to resolve the problem. Scopes of project are the limitation of problem to 
solve. 
 Chapter II explains about the literature review. The explanation is about the 
protective device that used in the power system, types of RCD and the types of fault 
current occurred. The function of RCD was also explained in detail. 
 Chapter III discuss about the methodology that are used to solve the problem. 
The explanations are including the types of component used to solve the problem, 
their function in detail and the operation of the component to achieve the research 
objective. 
 Chapter IV explains about the development of automatic earth circuit breaker. 
The explanations include the operation of the circuit design, the function of servo 
motor and how the PIC controls the entire device operation. This chapter also discuss 
about the result obtain and the problem that encountered during the making of 
device. 
 Chapter V explains about the conclusion that had been made from the result 
obtain and also the recommendation for future research to build a perfect Automatic 
Residual Current Devices at home. 
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CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
 
 
 
 
2.1 Introduction 
 
 
This section discusses some literature reviews on the previous technologies that have 
been development by other researchers. The previous technology has been 
summarizing to give better understanding. This section also commends on people’s 
works, such as the advantage or disadvantages of the technology used, the possibility 
for the technology to be further expended or developed and the improvement that 
may be carried out in order to enhance the performance of the ARCD. In this section 
also discuss the concept of RCD, RCCB, and theory of system protection. 
 
 
2.2 Residual current devices (RCD) 
 
 
RCD operate by measuring the current balance between two conductors using a 
differential current transformer. The device opens contacts when it detects any 
difference in current between the line conductor and the neutral conductor. The 
supply and return currents must sum to zero, otherwise there is a leakage of current 
to somewhere else (to earth/ground, or to another circuit, etc.) [1].  

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 RCD is designed to prevent electrocution by detecting the leakage current, 
which can be far smaller (typically 5-30 mill amperes) than the currents needed to 
operate conventional circuit breakers or fuses (several amperes). RCD (Residential 
Current Device) are intended to operate within 25-40 milliseconds, before electric 
shock can drive the heart into ventricular fibrillation, the most common cause of 
death through electric shock [1].  
 In the United States, the National Electrical Code requires GFCI (Ground 
Fault circuit Interrupter) devices intended to protect people to interrupt the circuit if 
the leakage current exceeds a range of 4-6 mA of current (the trip setting is typically 
5 mA) within 25 milliseconds. RCD devices which protect equipment (not people) 
are allowed to trip as high as 30 mA of current. In Europe, the commonly used RCD 
have trip currents of 10-300 mA[2].  
 Residual current devices are complementary to over-current detection. 
Residual current detection cannot provide protection for overload or short-circuit 
currents. RCD with trip currents as high as 500 mA are sometimes deployed in 
environments (such as computing centers) where a lower threshold would carry an 
unacceptable risk of accidental trips. These high-current RCD serve more as an 
additional fire-safety protection than as an effective protection against the risks of 
electrical shocks [2]. 
 For many years, the voltage operated ELCB and the differential current 
operated ELCB were both referred to as ELCB because it was a simpler name to 
remember. However, the use of a common name for two different devices gave rise 
to considerable confusion in the electrical industry. If the wrong type was used on an 
installation, the level of protection given could be substantially less than that 
intended. To remove this confusion, IEC decided to apply the term Residual Current 
Device (RCD) to differential current operated ELCB. Residual current refers to any 
current over and above the load current [2].  
 
 
2.3 RCD features 
 
 
Figure 2.1 show about Home RCD with the housing, the function of this housing as 
the protection for the circuit. What who can be seen from this condition is only 
	
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mechanical switch and the black box [5]. Figure 2.2 shows the whole RCD 
component inside the housing, the most important thing is the system is the good 
insulator must be used for live and neutral cable, it is to avoid from RCD self 
fault[5]. 
 
 
 
 
 
 
 
 
 
 
 The incoming supply and the neutral conductors are connected to the 
terminals at (1) and the outgoing load conductors are connected to the terminals at 
(2). The earth conductor (not shown) is connected through from supply to load 
uninterrupted. When the reset button (3) is pressed the contacts ((4) and hidden 
behind (5)) close, allowing current to pass. The solenoid (5) keeps the contacts 
closed when the reset button is released. The sense coil (6) is a differential current 
transformer which surrounds (but is not electrically connected to) the live and neutral 
conductors. In normal operation, all the current down the live conductor returns up 
the neutral conductor. The currents in the two conductors are therefore equal and 
opposite and cancel each other out. Any fault to earth causes some of the current to 
take a different return path which means there is an imbalance (difference) in the 
current in the two conductors (single phase case), or, more generally, a nonzero sum 
of currents from among various conductors (for example, three phase conductors and 
one neutral conductor). This difference causes a current in the sense coil (6) which is 
picked up by the sense circuitry (7). The sense circuitry then removes power from the 
solenoid (5) and the contacts (4) are forced apart by a spring, cutting off the 
electricity supply to the appliance. The device is designed so that the current is 
interrupted in milliseconds, greatly reducing the chances of a dangerous electric 
shock being received. The test button (8) allows the correct operation of the device to 
be verified by passing a small current through the orange test wire (9). This simulates 
Figure 2.1: Home 
RCD/RCCB with housing 
Figure 2.2: The System 
inside RCD 
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a fault by creating an imbalance in the sense coil. If the RCD does not trip when this 
button is pressed then the device must be replaced [5]. 
 
 
2.4 RCD design 
 
 
Figure 2.3 shows the design of RCD, the design consists of Mechanical Switch, ZCT, 
Black Box, High Level Resistor and the Reset Button. Mechanical switch is a contact 
of black box, the function of this component is to trigger and cut off the power with 
cut off the life and neutral line altogether. The function of high level resistor or test 
resistor is to test whether RCD is operational or not by providing a short circuit 
within internal RCD life and neutral. By providing a new current path during test 
condition (assuming Kirchhoff current law), current flow through life wire is divided. 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.3: Residual current devices 
 
 The current in the neutral is less than the current in the life wire when the 
reset button is pushed. The function of the reset button is to re-set back the device to 
the initial condition and also as a point to detect whether the device still in good 
condition or damage/expired. The function of this black box is to induced magnetic 
and then de-energize the magnetic coil in the black box [6]. 
 Figure 2.4 show the Residual current devices schematic. The function of ZCT 
is to detect the unbalance current from life and neutral or life with ground. The 
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tripping of an RCD is depending on the sensitivity of the ZCT. For resident, usually 
RCD that is being used is a 0.1 A that means if there is any unbalance current 
100mA, the ZCT induced current and then de-energizes the magnetic coil in black 
box, so that the mechanical switch can be disconnected [7]. 
 
 
 
 
 
 
 
 
 
 
Figure 2.4: Residual current devices design schematic 
 
 Figure 2.5 shows the operation of the ZCT. Operation of ZCT is same like the 
Clamp Meter that is used to detect current in a line. In case 1, when the current flow 
through life and neutral line is same, there is no unbalance current detect in the ZCT 
thus there is no induced current produced by the ZCT. In case 2, when there is 
unbalance current between life’s and neutral, ZCT produced an induced current and 
then it  send to the signal to the magnetic coil resulting in tripping of the RCD [7]. 
 
 
 
 
 
 
 
 
 
Iin = Iout, there is no induced current produced by the ZCT 
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Iin  Iout, thus there is induced current produced by the ZCT. 
The higher difference in input and output current, result in more 
induced current produced. 
 
Figure 2.5 Operation of the ZCT 
 
 
2.5 Operation of RCD trip situation 
 
 
There are two types of fault normally detected by RCD, which are permanent fault 
and temporary fault: 
i. Permanent failure or permanent damage. 
ii. Temporary failure or temporary damage. 
  
 
2.5.1 Permanent failure or permanent damage 
 
 
It usually trip when have any leakage current in circuit to earth or ground. For 
permanent failure, the damaged must to repair first or remove the damage from 
current before automatically trigger back RCD. If the damage not to repair or remove 
the damage from circuit, it  trip again when the RCD become automatically trigger. 
If this happen many times, it  damage the RCD. For example is electrical, electronic 
device or short circuit [6]. 
". )-  
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2.5.2 Temporary failure or temporary damage 
 
 
It can automatically trigger RCD without to repairs first or remove the damage from 
supply circuit. If usually lightning and over loading occurs in resident or industrial, it 
can give more problems to user to automatically trigger by itself. For example is 
lightning [6]. 
 
 
2.6 Electrical faults 
 
 
A fault is any abnormal situation in an electrical system in which the electrical 
current may or may not flow through the intended parts. Equipment failure also 
attributable to some defect in the circuit, example is loose connection, insulation 
failure or short circuit etc. The type of faults in a distribution network that is detected 
by an RCD is [7]: 
i. Over-current fault 
ii. Short-circuit fault 
iii. Lightning fault 
 
 
2.6.1 Over-current fault 
 
 
The National Electrical Code defines over current as any current in excess of the 
rated current of equipment or the amp city of a conductor. It may result from 
overload, short circuit, or ground fault. Current flow in a conductor always generates 
heat. The greater the current flow, the hotter the conductor. Excess heat is damaging 
to electrical components. For that reason, conductors have a rated continuous current 
carrying capacity or amp city. Over current protection devices are used to protect 
conductors from excessive current flow. These protective devices are designed to 
keep the flow of current in a circuit at a safe level to prevent the circuit conductors 
from overheating. In term of over-current fault when a current greater than that 

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which a circuit or a fuse is designed to carry, the fuse or wire may melt or damage 
the other elements of the circuit [8].  
 
 
2.6.2 Short-circuit fault 
 
 
A short circuit in an electrical circuit is one that allows a current to travel a long a 
different path from the one originally intended. The electrical opposite of a short 
circuit is an “open circuit”, which is an infinite resistance between two nodes. It is an 
abnormal low-resistance connection between two nodes of an electrical circuit that 
are meant to be at different voltages. This result in an excessive electric current 
(over-current) and potentially causes circuit damage, overheating, fire or explosion. 
Although usually the result of a fault, there are cases where short circuits are caused 
intentionally, for example, for the purpose of voltage-sensing crowbar circuit 
protectors. In circuit analysis, the term short circuit is used by analogy to design at a 
zero-impedance connection between two nodes. This forces the two nodes to be at 
the same voltage. In an ideal short circuit, this means there is no resistance and no 
voltage drop a cross the short, in simple circuit analysis, wires are considered to be 
shorts. In real circuits, the result is a connection of nearly zero impedance, and 
almost no resistance [8]. 
 
 
2.6.3 Lightning fault 
 
 
Lightning is the visible discharge of static electricity within a cloud, between clouds, 
or between the earth and a cloud. Scientists still do not fully understand what causes 
lightning, but most experts believe that different kinds of ice interact in a cloud. 
Updraft in the clouds separate charges, so that positive charges flow towards the top 
of the cloud and the negative charges flow to the bottom of the cloud. When the 
negative charges moves downwards, a “stepped leader” is created. The leader rushes 
toward the earth in 150-foot discrete steps, producing an ionized path in air. The 
major part of the lightning discharges current is carried in the return stroke, which 
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flows along the ionized path. One of the temporary faults is cause by direst lightning 
phenomena. Where example of permanent fault is fault on electrical equipment [8]. 
 
 
2.7 Literature review of previous report 
 
 
Previous studies conducted over the last report intended to provide knowledge about 
the method used and the results of the findings. It also serves as a guideline in the 
income of this project to ensure that all objectives of the project can be accomplished 
properly. 
 
 
2.7.1 Automated electrical protection system for domestic application 
 
 
The automatic system is designed for domestic electrical system to auto-reset RCD 
and auto-detection if any permanent fault occurred. The system operation is divided 
into two parts: power recovery and fault location detection. Power recovery is a 
process of turning back the power ON when electric power encounters unexpected 
shut down for a period of time due to tripping or faults. A quick power recovery is 
important for equipment or electrical appliances which require continuous power 
supply such as refrigerator, water pump for aquarium, alarm system and others. 
When fault is occur, RCD trip and break the electrical supply from mains to all 
feeders (electrical appliances or loads). The prototype shows in Figure 2.6  
 
 
 
 
 
 
 
Figure 2.6: Prototype of automatic electrical protection system for domestic 
application 

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 An automatic system is needed to switch ON RCD so the power supply can 
be restored. However, if the fault is permanent, the RCD  not able to turn ON. 
Therefore, to overcome the problem, a system with ability of detecting fault location 
need to be developed. Once fault detected and isolated, RCD  be switched ON and 
supply is restored. Domestic electrical fault would normally occur at individual 
circuit, either switches or sockets. Electrical fault may occur due to current leakage 
or over current condition, such as overload or high level short circuit, and may occur 
at any point in the domestic electric system. Fault location detection may facilitate 
the process of power recovery to recover from unexpected power outage. To isolate 
faulty circuit from main line, the location of the fault must first be identified [2]. The 
advantages of this system is RCD  turn ON back when temporary fault occurs and it  
know which load had a problem went permanent fault occurs. The disadvantages are 
the system using GSM to send information to user where it gives many problems to 
user when we need pay to GSM provided. 
 
 
2.7.2 Development of earth leakage circuit breaker with an auto re-closer  
 
 
Focus in improving RCD using mechanical switch into electrical switch. There are 
two type detection by RCD its temporary fault and permanent fault. ZCT sense the 
fault and send the signal to RCD to set the power to the load. After 10 second the 
RCD connected back the power load, after that if the RCD remain connected with the 
load that mean the fault is temporary. Meanwhile if he RCD is connected back to the 
load and it still detect any fault, it be reclose back. The cycle repeat three times, if 
fault still detect, the RCD isolate the power from the load and it  display the 
permanent fault. 
 The PIC micro controller cause the RCD to trip when there is unbalance 
current from power line flow through life line and neutral line is 100mA. In order to 
design it, first thing of the current from the power line need to be measure in order to 
monitor it using ZCT including testing the fault (over current, lightning and short 
circuit) and when such condition arise, it  isolate the load from power line in the 
shortest time possible without harming the any other electrical devices.  
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 In this project PIC microcontroller be used to control and operate the Solid 
State Relay SSR, thus replacing the current mechanical switch [1]. This project used 
PIC18F4550 where this microcontroller has some disadvantages compare to 
PIC16F877A. PIC16F877A have more space memory and IC leg that mean user easy 
to add feature recommendation without add differences IC. 
 
 
2.7.3 Automatic earth leakage circuit breaker with backup supply 
 
 
Automatic Earth Leakage Circuit Breaker (ARCD) with the backup supply that can 
auto switching and always on with temporary power supply. There are two types of 
fault normally detected by RCD, which are permanent fault and temporary fault. 
Uninterrupted power supply (UPS) or generator system is a device which provided 
emergency power and line regulation to connect equipment by supplying power from 
separate source when utility power is not available. The main focus for this project is 
to prevent all the critical equipment in the house system from being breakdown. .  
The concept is that if faulty occurred, after 10 second, the RCD automatically switch 
back to normal condition. At the time when that RCD trip, UPS or generator use 
temporary backup supply. By using the UPS or generator system back up the system 
urgently whenever the fault and tripping occur and also save life equipment. This 
system also can differences and display the type of fault so that the user is aware the 
situation either permanent fault or temporary fault. The prototype is shown in Figure 
2.7. 
 
 
 
 
 
 
 
 
Figure 2.7: Prototype of ARCD with backup supply 
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 If there is no fault detected after the RCD is on, the LCD display main RCD in 
fault condition and backup RCD is ON. The RCD stay connected until next fault 
occurred and the counter reset. After PIC counter reach 2, the RCD tripped as to 
isolated connection of load with power line. LCD display backup RCD in fault 
condition. In this project the PIC microcontroller has been chosen as a control and 
the Power Relay is selected as switching device [3]. This project have disadvantages 
where only use backup supply and not turn ON the RCD that mean the system can 
handle only two times of lightning strike, if third lighting strike occur the system  go 
to permanent fault. User need reset the system before third lightning strike and if user 
not reset the system that mean the system cannot operate normally it  give losses to 
users.  
 
 
2.7.4 Automatic RCD integrated with arduino 
 
 
The project is to make automatic circuit breaker which recloses the circuit after 
tripping occur. This automatic RCD must be able to push back the reset button to its 
usual position within short period of time. This invention be an alternative for the 
manually reclose RCD. The purpose of this project is to build devices that can ON 
the RCD back automatically. Earth Leakage Circuit Breaker (RCD) is a mechanical 
device for making and breaking a circuit both under normal conditions and under 
abnormal conditions. When tripping occurs, RCD need to turn ON manually. The 
problem arises when there is no one nearby the area when tripping occurs to turn it 
ON back. This system can send alert to the house’s owner if tripping occurs more 
than three times consecutively, meaning this massage indicate that there is permanent 
failure occur along the circuit and the house owner have to take a look at the 
condition.  
 This project is designed to interface with domestic used RCD, so that the 
electrical system can be controlled even when house owner are not at home. 
Prototype of this project was built by using Arduino as microcontroller for RCD. 
While ICOMSAT GSM is use to communicate RCD and hand phone. When tripping 
occurs, Arduino Uno gives instruction to servomotor to move back the RCD to its 
original position. When tripping occur more than three times and in 1 minutes time 
	

interval per trip, the ICOMSAT GSM  send message to house owner's hand phone to 
alert them about the fault that occur in the system. The disadvantages are the system 
using gsm to send information to user where it gives many problems to user when we 
need pay to gsm provided [4]. The prototype is shown in Figure 2.8. 
 
 
 
 
 
 
 
 
 
Figure 2.8: Prototype of automatic RCD integrated with arduino 
 
 
2.8 Conclusion 
 
 
The conclusion that can be made from the result of previous studies found that the 
method used Automated Electrical Protection System for Domestic Application is 
appropriate to the project as a mechanism used to turn ON the RCD to its original 
condition is the same by pulling trigger RCCB using motors. The differences here 
are that ARCD using microcontroller 16F877A as controller geared motor and 
current sensor use to detect current at line. This study is use as guidelines in the 
production of this project and ensuring the project is always in the right track to 
achieve the objectives of the study. 
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CHAPTER 3 
 
 
 
 
METHODOLOGY 
 
 
 
 
3.1 Introduction 
 
 
In order to complete this project, development of the method and step is an important 
to make sure this project was successful without any problems. This chapter is based 
on the following major parts discussed in the following section. It deals with the 
actual design and construction of the project. Methodology is the process to find the 
suitable project, make the researching and study all of the project information, 
choose the suitable method for design this project, planning the time and selecting 
the equipment such as material is needed and computer software program. 
 This project is divided into two main parts: hardware and software 
development which require to be done for 2 semester of learning. The main purpose 
of using flowchart method as Figure 3.1 is to ensure the project is successfully 
succeeded to achieve the aim and objective. Moreover, it is used to define and 
analyze by easy-to-understand diagrams showing the step-by-step pictures of 
process. 
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3.1.1 Phase 1: Project planning 
 
 
 Phase 1 formulating the problem, determining the objective and defines the 
project scope. This phase focus on investigating and establishing an idea to perform 
the design selected. Usually in this stage, it is important to collect all the data related 
to the idea from any source for information. Basically several problems that maybe 
obtain in this project are listed in this phase to due overcome any constraint in this 
project development. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1: Project planning 
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 This chapter divide into 4 phase that involved are very important in 
conjunction to make this ARCD function base on the Figure 3.2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.2: Phase planning 
 
 
3.1.2 Phase 2: Circuit diagram 
 
 
Phase 2 literature review is based on material collected from previous publish project 
material. Furthermore, hardware and software specification and requirement can be 
determined. Software chosen for this project is MPLAB and PROTEUS. The suitable 
methods for the hardware development and program interfacing are observed. 
 
 
 
 
1st phase 
project 
planning 
2nd phase 
Circuit design 
3rd phase 
Software 
Development 
 
4th phase 
Hardware 
design 
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3.1.3 Phase 3: Software development 
 
 
This phase is focus on designing circuit and developing program for the system. 
Flow Chart methodology applied in this project. As companion, flowchart, schematic 
and circuit diagram is design during this phase. 
 
 
3.1.4 Phase 4: Hardware design 
 
 
After development of a circuit and program, next phase is integrating and combine 
both parts. In this phase troubleshoot and modifications are needed if any errors 
occur during the testing phase. Any errors occur is improved by modifying the 
program or troubleshooting the circuit. In this stage hardware for prototype designed. 
 
 
3.1.5 Phase 5: Testing 
 
 
Testing phase are divided into two level first level is unit step, where the system is 
tested part by part. Second level is integration test where the complete combine 
system between hardware and software part is examined. The analysis and finding 
are important to ensure success and effectiveness of the project. 
 
 
3.1.6 Phase 6: Maintenance 
 
 
The final phase is mainly about looking for the improvement in current system. 
Basically, the recommendation is suggested to overcome the failure on project 
requirement. 
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3.2 Prototype design 
 
 
Figure 3.3 shown prototype of ARCD where this system can detect earth fault, 
lightning strike and short circuit. This system completely with the current sensor 
which is used for detect current at the line and RCCB to detect unbalance current. 
This system control by microcontroller PIC16F877A is used to control all the ARCD 
system automatically according current sensor. This system have test button is used 
to test system for temporary or permanent fault.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.3: Prototype sequence event 
 
 According Figure 3.4 internal prototype it show inside distribution box and 
control box. RCCB and MCB is important component inside ARCD circuit it is used 
to detect unbalance current, lighting strike and short circuit. RCCB tie to the geared 
motor use rope for trigger RCCB back to the normal condition and it is controlled by 
microcontroller. MCB is compulsory in standard wiring circuit of Suruhanjaya 
Lighting Strike Short Circuit 
Electrical Shock Electrical Heat Electrical Short 
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Tenaga Malaysia. reset button is used to reset all system, LCD display is used to 
display condition either in normal, check or fault condition, LED indicator is used to 
indicate condition and consumers easy to see the condition of circuit. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.4: Internal prototype 
 
 
3.3 Overall system 
 
 
Figure 3.5 shows the overall step to complete this project. This project, is divided by 
two parts which are hardware development and software development. For the 
hardware development, the PIC circuit is used for control the relay driver and display 
the condition of trip. For the software development, there are two software used, it is 
MPLAB and PROTEUS. MPLAB use for create the coding program for PIC. The 
PROTEUS has been chosen in the circuit design to develop the hardware for this 
project. 
 
 
 
 
RCCB MCB 
Reset button 
LCD display 
LED indication Trip button 
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